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(54) POSITIVE ELECTRODE ACTIVE MATERIAL FOR LITHIUM SECONDARY 
BATTERY AND METHOD OF MANUFACTURING THE SAME 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a positive 
electrode active material for a lithium secondary 
battery with improved thermal stability, and a method 
of preparing the same. 

SOLUTION: This positive electrode active material 
includes a core including a lithium compound, at least 
one surface treatment layer formed on the core and 
including two or more coating elements. This method 
of preparing the positive electrode active material for 
the lithium secondary battery includes a process for 
coating the lithium compound by using an organic 
solution or an aqueous solution including the coating 
elements as the coating solution, and a process for 
heating the coated compound, and these processes 

are executed one or more times. The coating elements are one or more elements selected 
from Mg, Al, Co, K, Na, Ca, Si, Ti, Sn, V, Ge, Ga, B, As and Zr. 



it '* 

& 13 

$ a' 

2 ' 



2M X 

x 



%4 



)B3 ViO 210 



http://wwwl 9.ipdl.ncipi.go jp/PAl/result/detail/main/wAAA98aG _iDA4 1 4 1 64053P 1 .h. . . 3/1 5/2007 



Searching PAJ 



Page 2 of 2 



LEGAL STATUS 

[Date of request for examination] 1 0.08.2004 

[Date of sending the examiner's decision of 
rejection] 

[Kind of final disposal of application other 
than the examiner's decision of rejection or 
application converted registration] 

[Date of final disposal for application] 

[Patent number] 

[Date of registration] 

[Number of appeal against examiner's 
decision of rejection] 

[Date of requesting appeal against 
examiner's decision of rejection] 

[Date of extinction of right] 



http://wwwl 9.ipdl.ncipi.go.jp/PAl/result/detail/main/wAAA98aG_iDA4 1 4 1 64053P 1 .h. . . 3/1 5/2007 



(19)0*H#fFJt (JP) (12) Q |g if5p ^ $g (A) ai)«*»ffM&BW* 

#^2002-164053 
(P2002-164053A) 
(43) &m B ¥i£l4^ 6 £ 7 B (2002. 6. 7) 



(51) IntCl. 7 
HO 1M 4/62 
C 0 1 G 45/00 
51/00 
53/00 
HO 1M 4/02 



F I 

H 0 1 M 4/62 
C 0 1 G 45/00 
51/00 
53/00 
H 0 1 M 4/02 

|fifc®CZ>f&22 



f-?3-r(##) 
4G0 4 8 
5H0 5 0 



OL 



A 
A 
C 

(± 14 M) 





WIB2001 -292036C P2001 -292036) 


<7DH«A 


590002817 












¥j£l3*F 9 n 25 B (2001. 9. 25) 












575#fl& 


(31)«$fc|fcfe36#^ 


2000-56245 




* tt R 


(32)«5fcB 


¥-m.2*E 9 H 25 B (2000. 9. 25) 






(33)ffi5fcffc£3gH 


mm (kr) 




5*x>—£*> X— 


(31)«5fe**3S#^ 


2001-36766 




A»KH ?-a.>^x3f->^-A- H 


(32)«5feH 


¥j£l3fp 6 H26 H (2001. 6. 26) 






(33)ffi5fcffc£3iS 


mm (kr) 




508 






(74)«aA 


100083806 








#a± =# m\ (*U£) 











(54) nma>«M ^^i^-Mnmmim^mwsLn^mm^ 

(57) [SMI (#OE*) 

Mg, Al, Co, K, Na, Ca, Si, Ti, S 
n, V, Ge, Ga, B, As, Z r J&>&5fflR£2h,£ — 



20 
13 
IB 
14 
g 12 
1 10 
& 8 
6 
4 
2 





-r i ■ J 


m 

209 *C 




mm i j 


/ \ 2ivc : 








1 




L . 1 k " 



160 



170 180 



190 

CG) 



200 2T0 220 230 



-1- 



[fb^ i ] 

Li^rij.yM' y A 2 

Li x Mrl l-y M ' y°2- Z X Z 

Li x Mn 2 0 4 _ z A z 

Li x Mn 2 _ y M' y A 4 

Li x M 1 _ y M y A 2 
[ft** 6] 
Li x M0 2 _ z A z 
[ft** 7] 
Li x Ni 1 _ y Co y 0 2 _ fls A a! 

[ft:** 8] 

LiJJix-y^COylT z A a 
ML** 9] 

L^Nii.^COyM" ^.^X^ 

[ft** l o ] 

Li x Ni l-y- Z Mn y M ' Z A c* 
[ft** 1 1 ] 

(iufB*^^. 0. 95<x<l. 1, 0 < y < 
0. 5. 0 < z < 0 . 5, 0 < 2X-h v ) , M^Ni 
tifz.l'tC o~C&>V , M' IIAI, Ni, Co, Cr. F 
e . Mg . Sr. V, Sc. Y. La. C e . P r . N 

d. Pm. Sm. En. Gd. Tb, Dy. Ho. E 
r. Tm. Yb. Lu. Ac. ThMPa^^^W 
£ oj^_hc07c^-efe «9 . M" iiAK C 
r . Mn. F e . Mg. Sr. V, Sc. Y. La. C 

e. Pr. Nd. Pm. Sm. Eu. Gd. Tb. D 
y. Ho. Er. Tm. Yb. Lu. Ac. Th^t^P 

teo. f. s&T/Pd*fe3SS*J:?)»R**tS7c*-efc 
t). x^f. s&tJpp^b*5»J:f?aw$ixS7c*-c 

) 

^AfcjEmmmwtett tt 2 x 1 0 - 5 7^^ 1 ii%-e 

[ft ^ 4 ] tfrSE3*ffi#yas <e> 3 — ^ >r is ?jm<D 
^m^mmhmm^n uo. 001 1 mm%x~%> 



5, »*«3^|B*<Z5y^!>A-ft«a«jE»ffiftKo 

Mg.Al. Co. K. Na, Ca, Si. Ti. S 
n. V. Ge. Ga. B. AsRtfZ rd^45»±? 

5KRS*t«— oa_b©7c*-cs>5, it 1 f-fBigcCD y 

[W*B 8 ] tufS y 9 M^r^TIEcoft** l 75 
[ft**l] 

LiJfal^yM' y A 2 
[ft** 2] 

LiJln^yM' y 0 2 _ z X z 
[ft** 3] 
Li x Mn 2 0 4 _ z A z 
[ft** 4] 
Li x Mn 2 _yM' yA 4 
[ft** 5] 

[ft** 6] 
Li x M0 2 _ z A z 
[ft** 7] 
Li x Ni 1 _ y Co y 0 2 _ z A z 
[ft** 8] 

Li x Ni 1 _ y _ z Co y M" z A^ 
[ft** 9] 

[ft**l 0] 
Li x Ni 1 _ y _ z Mn y M' z A ra 
[ft** 1 1 ] 

L^Ni^JlivM' „0 2 _ ai X a( 

(Sfria*tc^v^r. 0. 95^x^1. 1. 0 ^ y ^ 

0. 5. O^z^O. 5. 0<Qt^2-efe<9> MI4N i 
^fciiCoffc^ M' teA 1 . Ni. Co. Cr. F 
e. Mg. Sr. V. Sc. Y. La. Ce. Pr. N 

d. Pm. Sm. Eu. Gd. Tb. Dy. Ho. E 
r. Tm. Yb. Lu. Ac. T hRTFP a d^feftSS 
J:*3a*RS*tS— oK-b^7n*"e*>5, M" teA 1 . C 
r. Mn. Fe.Mg. Sr. V. Sc. Y. La. C 

e. Pr. Nd. Pm. S m. Eu. Gd. Tb. D 
y. Ho. Er. Tm. Yb. Lu. Ac. ThRXfP 

HO. F. SRtKP^feft5»±931^SixS7C*"e*» 
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9, x^f, sjttJfp^b&5»J;9aiRSJx«7c*-e 

&£o ) 

**ttE«s*K^*f l*c 2xio- 5 mi mm%-e 

So 

©^*tt:Ett?§4Mtte*f U0. 0 0 1 75^ 1 Mr%~e 
Ko 

i^Mg, Al, Co, K, Na, Ca, Si, Ti, S 
n, V, Ge, Ga, B, A s RXl Z r frh & £P J; 9 

[fls^S; i ] 

LiJAn^yW y A 2 
[ftW2] 
Li x M ni _ y M J y 0 2 _ z X z 
[ft** 3] 
Li x Mn 2 0 4 _ z A z 
[ft** 4] 
Li x Mn 2 _ y M' y A 4 

[ft** 5] 

Li x M 1 _ y M y A 2 
[ft** 6] 
Li x M0 2 _ z A z 
[ft** 7] 

[ft** 8] 

Li x Ni l- y - Z C ° y M " Z A « 

[ft** i o ] 

Li^Ni^y^MnyM' Z A^ 
[ft** 1 1 1 

Li x Ni 1 _ y _ z Mn y M' Z 0 2 _X^ 



(StflB^C^l/^r, 0. 95<x<l. 1, 0 < y < 
0. 5, O^z^O. 5, 0<a^2tfc!3, MliN i 
lfcliCo-?fc»), M' HA1, Ni, Co, Cr, F 
e , Mg, S r , V, S c , Y, La, Ce, Pr,N 

d, Pm, Sm, Eu, Gd, Tb, Dy, Ho, E 
r, Tm, Yb, L u , Ac, T hMP a 

i5 3KRStbS— o£Jl_b©7c*"Cfc9, M" iUK C 
r, Mn, Fe,Mg, Sr, V, Sc, Y, La, C 

e, Pr, Nd, Pm, S m, Eu, Gd, Tb, D 
y, Ho, Er, Tm, Yb, Lu, Ac, ThMP 

<5o ) 

M^fcfi^^^Mg, Al, Co, K, Na, Ca, 
Si, Ti, Sn, V, Ge, Ga, B, AsWZr 

^i«^M^*^o 

1 3 fc:iB«0> y f>^^tMiES«I^I 

at^^o 

i 9 ] BtHBUftsaaaxstt 200 7^ 8 0 0 °c 

J»0t^ti1tV ^9*ft^»*r2Jfc:3— tv ^^t5I 

2«Mt5ig; tuisiM^s^iJi -ti- 
ll 2 ^ffi^^ji sr^^r 5 is^itet 5 co-es> 5 , 
it*iii 3 tee*© y f^AijtiiiiEi^i^ 
as^^o 
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ft, 

[0 0 0 1 ] 

©aat^ftfcBW-So 

[0 0 0 2] 

[0003] y f-?Arftta©Affiffi»f t Lttty 
Bktt35Sfc*fc», y^9AAJR<oftt>9^**ft«** 

^ft^77r^fh (boc) ^MUti/^o 

[0 0 0 4] 

iCo0 2 , LiMn 2 0 4 , LiNi0 2 , LiNi 
i- x c ° x °2 (0<;x<;l) , LiMn0 2 ^i?^S 

Mn 2 0 4 , L i M n O 2 ^ ^(DM n ^Eg»I^ 
v^^5IFir^oT^6o LiCo0 2 fiIff4tI 

oti^ 0 LiNi o 2 fem^mR bfclEffi?&£j|C£> 

[0 0 0 5] ^(7)5ttHffi«lf tlt^LiCo0 2 
^^{rffl^^tbT^5«9, :ftj£S o n ylitA 1 2 0 3 ^r 
^1^/1511% K-fy^ttc o(D—U&A 1 Kg 
J&bfcL i C o 1 _ x A 1 x 0 2 £rBSS£U A&TBft 
"CteS n O 2 £ K-WUC o <D— §G£rS n icg^ 
U:LiC 0l _ x Sn x 0 2 £rH§3£ bfc 0 

[0006] straufcE«awft*s*«"e«^s*tfc 



Lt F± y ^ ? At^gilf £ tilt* h ^^J(D^r« 

»K*r««-rs««*r»5o y ^->^y 

^«#S£bT**LttS i O a ftiffc^yft#y fcTs 
^ y ^r— LtM#^ y A-Y 

^etf=«r*r-r 5 so 2 

[0007] mmmj%(D y ^ ^-Rfta^racrsra 

tt«TlB«4EiP & « ^11 - *K A*x T J45g b fc** % 
ot^f-/v|fdlA 1 Wft<0ft£4£JBbfc«ftfc^!? 
£ Srfv\ ^^^m^tr-./v®cD J: 5 ft^JiWifid^b 

[0008] nojcSfty^^^rnfeWifcriftie^W 

[0 0 0 9] ^Httttr^bfcraiB^Sr^Bltt-Sfc*^ 

feOTfeot**i©iw^ i»»ft£ffidSfRi±bfcy 
[ooio] mmv ^^j^~7xm 

[0011] 

id— osk±mat ztizmmt&mm ^ist? y ^ ^ ^x^* 

[0 0 12] ffr^^— ^>f y^TniUMg, A K C 
K N Na. Ca. Si, Ti, Sn, V, Ge. G 

a, B, A s Stf Z r ^fe45# J; 9 !KSJl5©^jf 
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[0 0 13] tWB*ffi«!!3eJBW:*— 

[0 0 14] «KJhO = — v^tgIS 

ta^t — ^ mti\&m &m#mrr a xe^tt? y 
[0015] ffjfa^— ^ ^ y^r/MaxSt-SK 

[0 0 16] 

[0 0 17] **W©3^!?Arft«affljBHSHbKH: 
«fiL_b^tf*— JS<?5#-&t>fet), *JI-eEvMc» 

$> a a „ 

[0018] **wo^ss«Mro=iTSr*ritr*y^ 
«£ 5 $ a — o«±<of fe a <of>m^ u v \ 

rift MfrtH&>£> f^-^/VHil/^W 

ar.4:dS"e#ao 
[ft^a; i ] 

Li x M ni _ y M' y 0 2 _ z X z 
Li x Mn 2 0 4 _ z A z 
Li x Mn.2_yM yA 4 
L i X M _ y M y A 2 

Mb** 6] 

Li x M0 2 _ z A z 

Li x Ni 1 _ y Co y 0 2 _ z A z 
MM*5C8] 

Li x N1 l-y-z C °y M " 

Hb^9] 

Li x Ni 1 _ y _ z Co y M" ,0a. .X,. 
[fl2^C 1 0 ] 



Li x Ni 1 _ y _ z Mn y M' Z A „ 
Mfc*5£l 1] 

Li^i-y-J^M' jB 0 a _ c .X ei( 

(iufB^S^^T, 0. 9 5 < x < 1 . 1, 0 < y < 
0. 5, O^z^O. 5, 0<a^2tfe^ MftN i 
IfcfiCotfcD, M* flAK Ni, Co. Cr, F 
e.Mg, S r . V. S c , Y, La, C e , P r , N 

d, Pm, Sm. Eu. G d , Tb, Dy, Ho. E 
r. Tm. Yb. Lu. Ac, T hRXlF a frhft&M 
&QW$l£tlZ>—^£k±<D7umX*&>*), M" JSAK C 
r . Mn. F e . Mg. Sr. V, Sc. Y. La. C 

e, Pr, Nd. Pm. S m, Eu, Gd. Tb. D 
y, Ho, Er. Tm, Yb, Lu, Ac, ThRXlP 

ad*b*a*j;9awsixa — ^±(D^mx^> *> . a 
teo, f. s&WP^bfta»J;i?»^Sixa7cilf-e*> 
J9, xfiF, s2S.vp^&ftaiffj;<3a^sna7c*-e 
a Q ) 

[0 0 19] Sfrl53— y^TnlUMg, A 1 , c 

0, K, Na, Ca, Si, Ti, V, Ga, Ge, 

[0 0 2 0] tfjfB — oJ^_bco^SM^jgf^^3— ^ ^ 
^7C^cO^*^M^KlC^t LT 2 x 1 0 " 5 Jb^ 1 
mM%X3b&<D&#fti L< T, 0. 0 0lMlli% 

[0021] sffE^r^y 
t^/s § a ^ ^ ^ >> ?^m<D-^£k±(Dmmm & 

^fco ifflMMb*Wi<0 5 ^ — d^a 1 2 o 3 £r^fr 0 
v# a- ^ y ^ Kft-e** fc ft y ^ 9 A - ^ / w h 

[0022] **W©E*?S*fltH:36ife«co^4 . o v 
7!/^ 4. 3Vco«EE|BiH^ffiC»dSjBrart*W«t 

±rt*M< mmm&'h£ < T«^»S£tt^s«i^TV^ao 
[0 0 2 3] KT. *3SWOH*tg*flt<03R3tt*S6Sr» 

fflic^1-a o 
[0 0 2 4] 3=1\ ^ft< tf>— o^jicoy ^^A>fb^ 

[0025] sfjia^— ^^mw<^w^m^m^hti 

W4Mi:ttMg, AU Co, K, Na, Ca, S 

1. Ti, V, Sn, Ge, Ga, B, AsSftfiZr 

^fca Q 

[0 0 2 6] SfrfB=3 — ^i^^?^^3— ^^7C^ 



-5- 



fcESMMfc* n ^ ^ ^tc^ t Lttft 5 £ i a*-e 
i^tf^-f^y^I^HB (oh) 2 . B 
[0027] mffi^-^^f ^^JS«co5fe=»— X>f ^ 

[0 0 2 8] ft^MWIt LT^^r^ y^xi 

>f y^p/NV- /vco J: 5 ftT/Va- /H^M^U^^t^r^ 

T As =* * V K 2r T — A-MSgfl? LtMtl)o - J; 
5ft^~ x^ y^S^T^^^rV K^«C0^!J^ IT, 
S i T/Vr^iy K^^miSUTV^^r h^m^/v^/v 
h (tetraethylorthosilicate) ^^^fcte: 

[0029] mm^—^j^ymm<Do%jmm<DW& 

T^^-^A^^— h (NH 4 (VO s ) ) CD£5ft 

HYC^^^a (v 2 o 5 ) ft^asfc 

-So 

[0 0 3 0] SfrfBn— ^>f ^^«*0»at«F^»ElP$^ 

y^l^^^^t g»< ft 9#* b< fti\ 
[0031] wm*—y L A^yjj&b Ufix/^^y 

CVD (Chemical Vapor Deposition) ^ g 
(Impregnation) T*fe5f^ ^a—y^ > (dip 
coating) ffiftif— = — ^>f ^^ftSr^V^Sr. 



[0032] «riB*«=— ^ ^PislntL}) ^Mtte 

m*m \ 2 one©*— ^^x+mmm&mL-x&m^-'r 
tut M\^m &mm-r ^is^m^ 

[0033] ^—^^>-y$tbtcv^yj±fc&m 

££&#k3-r£o r<0ifflIXg}j:2 0 0 7518 0 Ott 

j»*>5 0 sn&s&a^ 8 o o^jz^wittxtf y^ 
fc, ^s^ffi^ftffsa*5H^fes^^c^y ^t>a© 

[0 0 3 4] afrlBjft&SSXSfc ± 9 = — X >f >-^tc*^ 

bfc^i-^ SSCABSft* (AirBtt^Mg, 
A K Co. K. Na. Ca, Si, Ti, Sn. V. 
Ge, Ga, A s RXl Z r h ft 5» X. <0 MIR £ 

sv^rra— -eft^) a^ff^^n, 2[ni^_b^ 

[0 0 3 5] SulBa— y^Igfi- oJ^_hcO^— 
— oj^Jicon— x^ v^S*JR3S s -&*H5 J: 

i ^mmm%. itnm i #c^^r ^>-^u^ 

ftS ±51^-5^ i:^-C^S 0 

[0036] ^-o-^asssr — ^is^it^- 

[0 0 3 7] «rBXST?*ffifc^S*Lfc^ 
C0j?$fil — 1 0 0 nmt*fc5(D»l< , 1 — 50 
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^KlJ: J¥£tfS 1 0 0 nm«rSIt 

[0 0 3 8] «II:ilLfct, 
ftT«2 0 0M5 0 O^Jc^pUfc^, ^^fc^ 

Sii^AftjS^HO. 5°C/m i nH±tfcS©*fft 

[0039] ufc y ^9 Afb^i*iffi*» 

[0040] BnBy^^Aft-a^fcft-e-^ftttjfc^ati 

M-fS^^dST?#, ffjfa^Wr^ bTf*7fcBMb="* 
/v h . ✓ W b^fc fe!%m ^ ✓ h ft if SrM v ^ £ 

fcds-et. -y-jr/KStti: UTitokiMb-y^/K ffilBfe- 
s> ^r/v* fc teffffifc^ s> d^ft if v ^ r. i: ifi "C t £ Q 
ftffB— y $vi^ v^fi^ y fnvM. t is 2? i: £r 

*ifc*«fe-efl:ii8 £ -E-rSKg £ nfc t> <o« Srfli i * 5 r i: a* 
SHtttSfcttP >«fe#K:flaiS'li:*^i:t-C 

t^rt^T^, sway yfi^Lt}iH 3 P0 4 ^fv> 

[0 0 4 1 ] £CQfl^ y^AJttXtf^— ^^tg* 

/K Tir h>-*ifa«*JB«*«ftibT*jBSEd5»if 

3fe<*S*"C (solvent-free) ^^;^7^fy^M 
[0 0 4 2] Wfe*Lfcifr&*Sr)l&4 0 0 — 60 o°c?^iS 



RmkasfcSo fiuSS 1 3Jc»*n«aftdS 4 o o °ci: «9 ffiJt 

(flowing) bft^s feESffi^KMrKff^SrWia-C?? 

[0 0 4 3] # t.ttfe^ B B H ^mjl^»^^ 7 0 0-9 

0 0 1 fiStft 1 0 - 1 5 2 ftlllt 6o 2^ 

[0 0 4 4] «3SSnfcy^9Aft^««>»*S: 

5^^^-e#5 0 mtaxatcio-c, fttsi^i i 
"x?*s*tsfb^«^6.3Wisn8 y ^9Mb-&«»*as 

[0 0 4 5] J^T. *!&9§<z>#£ LV^|g«MRt«fc«M 

[0 0 4 6] (JtRM 1 ) 10m mtfcSL 

1 C o O 2 ^ ^-/^ P ^-^>ff t«{/7 5/^ 
tK y y 9 4:3:3 0>«*Jfc-C«0E 

M3tb/c 0 as^S*LfcE*«Si:««^y^i?AAJRSr 
t^tTAr^^tlfc (purged) ^y^^T? 

LiPF 6 a^fif Sixfcai^l^^^^-^^— h 

[0 0 4 7] 0t«W2) Bl^l^LTLiCoO 
2 <30fttoO t-L i ± . osNio. 69 Mn Q . 19 C 
Oo. iAl 0 . orMg 0 . 0 t0 2 PFftffiffi: 1 

[0 0 4 8] (IbKM 3 ) iEffi^^l® atLiCoO 
2 <©ftfo9tciL i N i o. 9 Co 0 . x Sr 0 . 002 

0 2 ff«:10/iiii) b/c t &m^Xwl 

[0 0 4 9] (J:tKM4) iES^feKi: ULiCoO 
2 CDftt>*) i Mn 2 0 4 (WS:2 0/im) £r 
ttfflbfcri:S:Bftv^rr±IWaJt«f!l fcWtRft*jft"C=i 

[ooso] (HMD Ai-^y/D*»Fte 
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*/ K*SSrJEfibfc 0 10m m-CfcS L i C 

kurwu 1 o^K^ttHiLTiifjfSA w 

*y y-£r&!3 0«ILT7 7 fcA W y:/ 

atria* ? y - ^^t 3 t/^#iistg«^^i 

L&j&s b30 o°cr 1 0 «p|H«lfti3ffibfca. jpftrifrisP 
£^7c 0 )P(Z)1Sj$s»2 0 Ot^^ofci: 

®Btb/c Q 

[0051] (niM2) m#mmM&3 0 o°c^^ 5 

[0 0 5 2] (HJ6W3) «aM^3 0 0°C^f)7 
0 0 o Cic^bfc^i:^»V^T^HfJfB^mWl fcra«ft 

^are^JS tr^^^ ^co^m^ Sr»5g bfc 0 

[0053] (mfeW4 ) mmm iti «mlt» 

3£ bfc T /v * - ^ ^Kfl^tf^Sfci =3 § frbfc 

o 2 »*SrHjB6M l tc|E*c S ftttm t ra«&#jfc-0» 
Witx? y-i:^iu«, ^7y-w^r3 0 0°c-e 

^ ^ $ ttfclfcfcfc: 2ft^j3 ^»ft»ds ^ -t 1 >f y ^ $ 
nfc#*gL i CoO 2 »^Lf; 0 mm$ti1tg> 

HLiCoo 2 »***rjffi br 1 fc 
[0054] (smkai 5 ) mmm 2 (oxm-emm $ nfc 

&30 o°cfab7 0 0 o cic^Mb/t^^^|^v^T^l#JfB 

mmm 4 ^ piK^sr tt^^y^-f /©^tt 

^rM5gbfc 0 

[0055] (m*w 6 ) mmm 3 co#ifcr»3i * tut 
r /v ^ ~ ^ A^b^/^^st- 3 — y ^ $ nfc =* r / 
^x;u^/(DLiCo0 2 «rttfflU nwaaiaftSr 3 
0 o°c^5 0 ot:i:fIlf:: fc&|»^ri*itriB|g« 

[0056] mmm 7) Ai-^y^p^M 

cDfttUc, Al-^y/P^>KIIi:r)>7xf/i/ 
h^y^ i: ©l^tttffl bfc n £ 



i ^ r liifria^jfeM 4 1 mm^mxmm ttn^y^^ 
^o^mm^rSi^bfco 

[0057] mmm 8) Ai-^y^^>K«i 

Oft 9 Al (NO 3 ) 3 ^*«JPLtfi3gLt5 

[0 0 5 8] (1IM9) Al--f y^ci/K^rV KffiSR 
cDft^t^ Al (NO 3 ) 3 Sr*^aSiPbT»5tbfc5 

3 0 o°c^^5 0 o°cicm^vtc^ t&m^xfewmm 
mm 1 1 mm^mxmm ttn^y^^ ^mi^ 

M^tb/co 

[0059] mmm 10) Ai-^y/n^ypi 

$c<£>ft*nc> Al (no 3 ) a Sr*Jc«aibr»Jtbfc 
5**%<39ffg»T/u^^9A^SrffiffiU MISS 
^30 o°c^e 7 0 o^cKJEbfcr. SBftv^-critfrlB 

SrStitbfc, 

[0060] mmmmrn 1-10 1 <o^mx 

»3fi*^fcy^^^— 2fc«»S:4. 3Vtt0. 1 C- 
5t*^mSlD-e^mbfc 0 »STLfiiH^^n-^ 
aRy^^^fo*P#L,fc«, SIt«fi^^l Omg 
«LT^^ brJBV^ e C(D^ft^LT3 0 C/ 
»<©3fi«-effi«#H«T"e 2 5M3 0 0°C^l?^-^r 
^^/V^/V (Perkin Helmer Co.) {tfip B p^Jf LTD 
SC (differential scanning calorimetry) .X^ir y 

[0 0 6 1 ] d s c4^W»asiiSixfciEaijS«SC^» 

i-«Co x 0 2 ©3Rlfcfpofc*, ^O^g«««0*« 

^^f1~ 5dsc S'J^i- J; o ran s 

t^jft*— ^JB*icx<5v^rft^ows*WWi"S 

^^asr#5 0 

[0 0 6 2] ^n^, LiCo0 2 &W^*f rR931" 

LiCo0 2 ^5K«^Sgr b i 1 _ x Co x 0 2 (7) 

*St**rSJ:5i!:*S« r © X 5 ft*itSr*rt"Sffi* 

m, h fc*s-&sjxrv^5»*as^jR^b 

\^xnmmmx^ &m^&mt&^%^mmm^\ b 
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[oo63] mi femmm 4 ttti&m i^ds caij^o 

tt*-C*>*K |2^I«6 bttMMl ©ds cjH3£o 

ftasjft 2 1 4 trc*> 5 rti^u 1 

4 1 (DjEmfemwi^mzntcnMWiMte^x 

0. 0 0 6 gtfel ^tWmtel 6 lmAh/gtfco 

fee g|2^bfc«t5i-, mMM6<oftffl®&te 

2 3 4°CX&&CD\CMV, JtR«l|j:2 2 5tt, *5ft 

« 6 dSJt«« 1 J; «9 i«v^38||Raaf**i-o-e»»S3ett 

[0 0 6 4] 10lI%(7)B 2 O3S* 

^90 lt% co^^ y — $ ^tx Uciot 

^ ^ * ^ ^mm &m m l fc 0 

[0 0 6 5] (11M12) 10ti%O^^ixh^ 

^«^*&#ysi&««r5 0 o^fcbfc^tfri&vvrflWBii 
[0066] mmmis) 1 omA%<D&vm^h*r 

[0 0 6 7] (iIMl4) 10fi%(?)B 2 O3te 

KaSRSrJBabfco ^JKffi^s lo M m-c$>5 LiCo 

0 2 »;£S:lHrfB* 9^ h ^> K*JK«:*M ttlW 

1 ^i^K^-r^^lKIlU^Itt 
»tf3:a*-^>^£jT,fcL i Co0 2 ©^filUc 0 

*9*»fb«rasiR=*— "r^^^&tit-L iCo0 2 » 
1 MS%co A 1 --f y:/n /K^rv^ KiSSf SrfUM tt 

C o0 2 &*^LfCo H^fc#IiLiCoO 

2 ^*^JfflU*IMi ^i^tn^^^/ 
cD¥«*«r*jftbfc 0 
[0 0 6 8] (StMl 5) 1 J£ft%CD*9i^ 

[0 0 6 9] (iIMl6) 1 mi%cD^9^^ b^v" 

KiBWeS:=i— ^-f LtftfflU n-^^ 

mi 4 fcra«ft^js^=i^^^>f ^^ftasrjefib 



fC 0 

[0070] (MMM 1 7 ) ili%W^xh^> 

ftoSMaaffiSS: 7 0 O^t bfc£fc*Ktt^TMffil£ilB 
#11 4^i^-en^y^^^^ti^SiiL 

[0071] hjk«i 3<D=*j>*'f?<D¥nm&mm 

LT, 0. 5C^SfeS3S*T*4. 3V-2. 7 5VcO$£ 
ffl^ScSSr^Jfebfcm. H 3 a M^b/c c 

itRcofcfe^fi6*<Z)Sffi*a!abTV>3feV^L i C o O 2 £r 
-&tfJttt« 1 co 13 >- * -f ^«a<o?lsSc«JK* t> *lc 

^ b/Co EI 3 a CO J; 5 Hl&ffil 1 3 <D¥W&&tt&ffi 

1 <7>«mirit^TSfe**ffi t**^$^4^5«^^Tv^s r. t 

ififtfrZo Sfc. lCffliMt^. 3V~2. 7 5 

b/co g!3bcoJ:5i-, l ccoi«4sasJk«'et>*JIS«l 
0 ©S»KSr*Jfll bfc«»dsjt«« 1 fc:jfc*<-C«cM# 
fc*«^tfSfth/rv^fc 0 H3 a i:H3 bic^Sttfc« 
*co^«SS^IH4^#^EI^bfc 0 IHfiW l 3 <z>Wfe 

[0 0 7 2] 0 3 bC0H*Ml 3tcJ:5m*c03teJk«* 
*ft«rjli5£, 4. 0VM4. 3V<©M^®cSftj»^ 
^>»^^r^^^^ 0 £jh,**>54>bBMi 
t^-Tfcfe^g] 3 b co^tfeSft^co 5 1 0 coffi 

^)@^^S^co^tifemft^cote^:gl 5 u/co 

tti 1 3 OiEffiffi^RSr^tp^sm^^br^-r 

h y5^*f*r*lSbfco 5. 0VM2. 5VCO 
ffiH"e0. 5mV/s e c^ift^^t^ ttf 

i-, f ^OtMl LtV^iV^L i C o O 2 ^li L/c 

^#^^^9Afc#TH6te#te*bfco El 6 co J: 5 
i^LiCo0 2 Sr^tf«?fett3lS«tSk«l*^^T— oco 

t? «*f^^« £ mm$\c±x~^(D\i a —?frmM * n 
fc 0 r^-c*»w©iaK«i 3fcior«tSftfcfl» 

[0073] mmmi ziao-cjesshfea^yta 

^Stt4. 3 7!>^ 2. 7 5 VcO«jifS|Hl?CO0. 1C 

t l CSKJfe«ie**ria 7i^bfc 0 H7t?i4. ov]5 

^4. 3v<Dmxfttkn&m&&&&&£tiz^k$m 
mtstitco mmmi 7K£^xmmzntciEMfemwh 
mmmmmi&xmmmm ^ s r t sr^ai^rs r t 

[0 0 7 4] 0©=i>r^«»i:Hlfll&*iSfe 
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m^ntzmmxA i -m±^mm^tix^tz.smwtd» 

1 0 m g SftglBi L*C 9 10 DSC (TA Instrume 
nttfcSfi,) SrflJffiU-CDSC4>«ffrHiBbfc 0 DSC» 
ff^M#HtTl: 2 5 — 3 0 0 °C<D^Jg®ffl^ 3 °C/ 

[0075] ^C0J:9 ^JUl L i C o O 2 

^CO^fb^^L i C o O 2 CD*®^jS£^TL i C o 

5 0 o£*K LiCoO 2 <0^BS4i®^g 

$lj£fb£ 0 £fc^ L i C o O 2 CO^®{CA 1 2 O 3> S 



i O 



b 2 o 3 tm\^- 



i/?7m<nmkmm*: 

'So 

[0076] itt^M i Rximmm 15 — 17 ^<oiEms 

mm%^&2 0 0 OmAhP3«H2 0«fC#UT« 

/Co 

[0 0 7 7] 







^?MJ 15 




17 




90% 




0% 




(TO) 


u # 


12 5* 


15 # 


20 # 




L00% 


30% 


10% 





,Mn 



[0078] ( 

CoO 2 C0ft^>*9^L i 

O. 19^°0. 1 A 1 0 . O 7 M g Q 0 7^- 

x^-^^^^^tc^t&m^xmmmmi stmm 

[0 0 7 9] (S«19) Uf!>Aft^i:ULi 
CoO 2 (0ft^!)|:LiNi Oi 9 Co 0 x S r 
o. oo2° 2 (¥W:10//m) & 1 M;%tf>*ft 

fz. Q 

[0080] mmm2o) jf^ft^sttrLi 



C o O 



« C o 0 



:l i 

. A 1 
1 0 Mm) £r 1 1 



o. o 7 Mg o 

7 0 o^Mte^ 



e s Mn 

O 7 O 2 CP 



[oo8i] mmm2i) yf?^»^ttLi 

C o O 2 60ftfc> 9 til L i N i 0 9 Co 0 -l S r 
o. oo2°2 (WSg:10/im) ^lfi%W 

[0 0 8 2] (iIM2 2) 9f?Aft^«iULi 
C o O 2 GDftfr *9 ^ L i N i 0 9 Co 0 x S r 



) t LT L i 
1 S r 



[0 0 8 3] (HJKM 2 3 ) 
C o O 2 CDftfc>9 iCL i N i 
o. oo 2 0 2 TOftl0/im) SHSMBUfc^fc 

Sr^v>rf^sfria^jfe0!ii 6 i:im«*^-e^-r^^-r^ 

[0 0 8 4] (^*^!J2 4) ymft^iLtLi 
C o O 2 <&Wb *) K. L iMn 2 0 4 (T^MMi: 2 0m 
m) OTlfc: ir«rBfev^r^HulBHlSffill 5 i:RI«& 

[0 0 8 5] (HJK«2 5) Df^^itULi 
Co0 2 Oftt»?)i:LiMn 2 0 4 ( Wi: 2 0 

m) ^Lfcr i«r»vvrtttt«Sg*Mi 6 tn««j 

[0 0 8 6] SWftdfttULi 
Co0 2 ©ftt)!)iCLiMn 2 0 4 (^f 2 0m 

m) «H!£fl! bfc r t ^m^xnmmmmm 1 7 1 

[0 0 8 7] 8-2 6Xt5Jt«tW2—4<0*ffi 

^«jftSttfc«»l^bTjateR6&^0. 1C (liM^ 
;v) , 0. 2C (3^-f^/V) , 0. 5C (10t>f^ 
M MIC JlR^C rat e Sr3£fb£ 

^TftdS&4. 3V-2. 7 5V(Dlff^Bt?EM^II 
MbTScm^*^ra'J^Lfc 0 r<D5^llMm 9 ^JtiR 
M 3 ^/Wc ± 5**«M**ria 9 ^ 

b/c 0 El 9 J: 5 fcHJMa 1 9 ^«a*5Jt«E0!l 3 lO£-< 

[0088] mmmmwn sti 9(o^^r>m&t:4. 
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fc c l(D^WLt9 10 DS C^f fJ^UT 3 °C/^ 
©^ffi"CSft#ffl*CT"C 2 5 7!r^3 0 0°CftDSC7 

L i ! . Q3 Ni O. 69 Mn O. 19 C °0. 1 A1 

0 . 07 Mg 0 . 0 7 0 2 Sr*6ffibfcH;««2 
lUV>4V^LINi 0 . 9 Co 0 . xSro. 002 

0 2 Srftffl L JtRM 3 0 n LT t D S C 
**-¥^«r*16bfco 8 fcJfc««|2 0>DSCif!l 

cods cSBSie*H:iai i^£*vrv^£ 0 

[0089] atfiasatfti i s&nvcMtm 2<d^4>-wql 

£4. 4 5V^"elMtfct, ^aify^^^fe 

fc Q ii3EB«^JS09 l 8 t tmtm 2 cod s cjiJ®|**B: 

01 2(c^$nrv^5o 

[0 0 9 0] (Hi 0 co J: 5 te. 1£^I2 co|gf|&t: 0 — 
ft22 o^-e^:^ < aftfca*, ^|J6« i 8 <Dmm%~7* 

ttfiJt«« 2 cOjEffi^%« i «9 HJfiffil 1 8 (DJEmmVoK 

Dscw®gJ^gr^bfc0i i T^*its^^^-et 
6o *fcaB5t«^. Dsca©is*T?fcaiai 2t>*bm 

J6«l 8 i:i:b$^[|2co^t 0 ^^coffi^cofe^^^^{- 

[0 0 9 1 ] 

[Hi] 



[EI l ] *»Ho^Q6«4 fcJfcKW l co^r^^^^i 

y ^ A COD S C^*^ Lfc 

[13] ( a ) femtfom i 3 Rmmm 1 m £0 xmm: 
£ Q ( b ) «:nj6« i 3 Rmmm ikx^ xmm s n 
[ia4] iwi 3MW!inaotsi^ti/c^ 
las] hjbwi 3^j;o-casjesixfc3^ >-mm<DM 

**SfeWB*S:*bfcig3 bcoffi^0r-feS o 

[0 6] him i 3 &mtt£M i co 3 ismfow^ ^ 

!)s'^#;v^5A (CV) Sr*bfcHffi-C*>So 
[07] H1M1 7&T*J*;«0I1 <D^4l/m&(D0. 1 

ims] mmm 12^13 xt^jttSEW 1 a>iEttJE*«<D 
Dsc^w^^bfc^^^-efeSo 

[19] ^IWl 9^Jt««3(D=3>f^1t»^*ht--5f" 

[010] Hft^J 1 8 tltVOH 2 <0^«g**fcS5hr« 
DS CjB3e*S**r*L'*:iaffi"e*>So 

[011] mmm 1 9 irjt««3 coiESfi?ftsc^»i-5 

DS CjH£*S*Sr*bfciaffi"e*>5o 
[012] HiMl 8 fcJt«W2©E«fiH6mc:*hr* 
DS Cffl£g*^LfciItfe5 0 

[02] 




180 200 220 240 260 280 300 
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[H3] [B4] 

(a) " 
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[88] 



[09] 




[mi o] 



20D 
ISO 
160- 



a ^ 140 



si 



120 
100- 

ao- 

60 



0.5C 



1C 



EC-DMQ l/l>*lMLiPF A 
4 .3V-2.7 SV. 1 C - 1 8 OmAWg 



ID 



15 



20 



2.1- 
3.8- 
1.5- 

„ 1,2- 

bs 

£ 0.9- 



0.6 

0.3- 
0.0- 
^.3 



120 140 160 ISO 200 220 240 260 



280 300 



[HI 1] 



s 



4,9 
4.2 
3.5 
2.6 
2.1 
1.4 
0.7 
0.0 
-0.7 



4.3V 



140 



180 




220 



230 



300 
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[Ell 2] 




(51) int. ci. 7 mm^ 

H 0 1 M 4/58 

(72)mmm r ^ - 



F I (##) 

HO 1M 4/58 

F^— 4G048 AA04 AB04 AB05 AC06 AE05 

5H050 AA15 BA16 BA17 CA07 CA08 
CA09 DA02 DA09 EA01 EA02 
EA06 EA07 FA17 FA18 GA02 
GA23 GA26 HA01 HA02 
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